Background The objective of the present analysis was to assess whether small bowel gastrointestinal stromal tumor (GIST) is associated with worse cancer-specific survival (CSS) and overall survival (OS) compared with gastric GIST on a population-based level. Patients and methods Data on patients aged 18 years or older with histologically proven GIST was extracted from the SEER database from 1998 to 2011. OS and CSS for small bowel GIST were compared with OS and CSS for gastric GIST by application of adjusted and unadjusted Cox regression analyses and propensity score analyses. Results GIST were located in the stomach (n = 3011, 59 %), duodenum (n = 313, 6 %), jejunum/ileum (n = 1288, 25 %), colon (n = 139, 3 %), rectum (n = 172, 3 %), and extraviscerally (n = 173, 3 %). OS and CSS of patients with GIST in the duodenum [OS, HR 0.95, 95 % confidence interval (CI) 0.76-1.19; CSS, HR 0.99, 95 % CI 0.76-1.29] and in the jejunum/ileum (OS, HR 0.97, 95 % CI 0.85-1.10; CSS, HR = 0.95, 95 % CI 0.81-1.10) were similar to those of patients with gastric GIST in multivariate analyses. Conversely, OS and CSS of patients with GIST in the colon (OS, HR 1.40; 95 % CI 1.07-1.83; CSS, HR 1.89, 95 % CI 1.41-2.54) and in an extravisceral location (OS, HR 1.42, 95 % CI 1.14-1.77; CSS, HR = 1.43, 95 % CI 1.11-1.84) were significantly worse than those of patients with gastric GIST. Conclusions Contrary to common belief, OS and CSS of patients with small bowel GIST are not statistically different from those of patients with gastric GIST when adjustment is made for confounding variables on a population-based level. The prognosis of patients with nongastric GIST is worse because of a colonic and extravisceral GIST location. These findings have implications regarding adjuvant treatment of GIST patients. Hence, the dogma that small bowel GIST patients have worse prognosis than gastric GIST patients and therefore should receive adjuvant treatment to a greater extent must be revisited.
Introduction
Gastrointestinal stromal tumors (GIST) are the most frequent mesenchymal malignancies of the gastrointestinal tract. GIST have their origin in interstitial cells of Cajal, which are pacemaker cells located between the circular and longitudinal muscle layers along the gastrointestinal tract Electronic supplementary material The online version of this article (doi:10.1007/s10120-015-0571-3) contains supplementary material, which is available to authorized users. and are responsible for gastrointestinal motility. GIST occur most frequently in the stomach and small bowel; other locations such as the esophagus, colon, rectum, and extragastrointestinal tract locations are much rarer [1] .
It is a common dogma that intestinal GIST are associated with worse prognosis compared with gastric GIST [1] [2] [3] [4] . Additionally to the commonly accepted poor prognostic factors of tumor size and mitotic rate [5] , the widely used Armed Forces Institute of Pathology (AFIP) classification of Miettinnen and Lasota [1] added GIST location as a third risk factor. In this risk classification, a location in the jejunum/ileum results in a relevantly higher risk of metastases and tumor-related death compared with a gastric location. These findings have tremendous implications regarding the use of adjuvant therapy in resected GIST patients.
We have previously investigated trends in survival in GIST patients [6] . The objective of the present investigation was to assess whether overall and cancer-specific survival is worse in intestinal GIST patients compared with gastric GIST patients after risk adjustment in multivariate and propensity score analyses.
Methods

Cohort definition
The recent ASCI text data version of the Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer Institute in the USA, covering approximately 28 % of cancer cases in the USA, was the source of the present population-based analysis [7] . SEER data were collected and reported with use of data items and codes as documented by the North American Association of Central Cancer Registries (NAACCR) [8] . Primary cancer site and histological features were coded according to criteria in the third edition of the International Classification of Diseases for Oncology (ICD-O-3) [9] .
GIST patients were identified by the cancer staging scheme, version 0204, based on the primary site and the ICD-O-3 histological features (N = 6294). Patients with cancer diagnosis at autopsy or on the death certificate only as well as patients without histological confirmation were excluded (N = 65, NAACCR items 490 and 2180). Patients with other SEER-reportable cancers were excluded unless the GIST was the first diagnosed malignancy (N = 1058, NAACCR item 380). Patients younger than 18 years (N = 24) and patients with appendiceal (N = 3) and esophageal (N = 29) GIST were excluded, leaving a total of 5096 patients in the analysis. GIST sizes coded with values exceeding 700.0 mm were considered as missing values because these sizes did not seem plausible.
Statistical analysis
Statistical analyses were performed with R (https://www.rproject.org). A two-sided P value of less than 0.05 was considered statistically significant. Continuous data are expressed as the median and interquartile range. Chi-square statistics and t tests were used to compare proportions and continuous variables, respectively. After descriptive analysis, survival was compared between gastric GIST and GIST in other locations by Kaplan-Meier analysis. P values were computed by likelihood ratio tests based on Cox regression analysis. Multivariate survival analyses were done by Cox regression analyses. The proportional hazards assumption was tested by scaled Schoenfeld residuals and by inspection of the hazard ratio (HR) plots [10] . P values were computed by likelihood ratio tests.
To optimally adjust the data for potential baseline confounding variables, five propensity score analyses as a superior and more refined statistical method for adjustment were performed with the MatchIt R package. In these five analyses, gastric GIST were compared with GIST in the duodenum, jejunum/ileum, colon, rectum, and peritoneum. The propensity score matching was performed as exact matching. In this procedure, each patient with gastric GIST was matched to all possible patients with the counterpart GIST with exactly the same values on all the covariates, forming subclasses such that within each subclass both groups have exactly the same covariate values. Patients with gastric GIST not having a counterpart among the patients with other GIST and vice versa were excluded from this analysis. Finally, overall and cancer-specific survival in patients with gastric GIST and GIST in other locations were assessed in a Cox regression analysis by means of the weights obtained by the matching propensity score analysis.
Subgroup and sensitivity analyses
To preclude a time trend bias, we repeated the entire analysis in two subgroups, the first with diagnosis of the GIST from 1998 to 2004 and the second with diagnosis from 2005 to 2011.
As mitotic count was recorded only after 2009, it was not included in the main analysis. However, a sensitivity analysis was performed including data on mitotic count.
Results
Baseline characteristics
Overall, 5096 patients were included in the analysis. GIST were located in the stomach in 3011 patients (59 %), in the Revisiting a dogma: similar survival of patients with small bowel and gastric GIST 51 duodenum in 313 patients (6 %), in the jejunum/ileum in 1288 patients (25 %), in the colon in 139 patients (3 %), in the rectum in 172 patients (3 %), and in extraintestinal locations in 173 patients (3 %). The median follow-up was 37 months (interquartile range 14-74 months). A total of 3520 patients were alive at the end of the follow-up, 1066 had died of GIST, and 510 had died of other causes. The median age was 62 years (interquartile range 52-73 years), with a range of 18-101 years; 47 % of patients were female and 69 % were Caucasian. Table 1 displays the patients' baseline characteristics and compares different GIST locations. Although mitotic count for patients with colorectal GIST was not recorded, the mean mitotic count was 2.8 ± 3.7 per 50 high power fields (HPF) for gastric GIST, 3.6 ± 3.7 per 50 HPF for duodenal GIST, 4.3 ± 4.2 per 50 HPF for GIST in the jejunum/ileum, and 2.8 ± 3.0 per 50 HPF for extraintestinal GIST locations (P \ 0.001).
Univariate survival analysis
Three-and 5-year overall and cancer-specific survival estimates for different GIST locations are shown in the overall patient population in Table 2 . In univariate analyses, GIST of the colon and in extraintestinal locations were associated with significantly worse overall and cancerspecific survival compared with GIST in the other locations.
In Table 3 , 3-and 5-year overall and cancer-specific survival are shown for patients in the adjuvant situation (surgery of the primary tumor performed, no distant metastases) stratified for GIST size and location. KaplanMeier curves for the different GIST locations are displayed in Fig. 1 . GIST of the colon and peritoneum were associated with significantly worse overall and cancerspecific survival (all P \ 0.001), whereas the survival of patients with GIST in other locations did not differ relevantly.
Multivariate survival analysis
After adjustment in Cox proportional hazard regression analysis, overall survival for patients with GIST located in the duodenum [HR 0.95, 95 % confidence interval (95 % CI) 0.76-1.19] and jejunum/ileum (HR 0.97; 95 % CI 0.85-1.10) was similar to that patients for with gastric GIST. Similarly, no differences in cancer-specific survival were found for GIST located in the duodenum (HR 0.99; 95 % CI 0.76-1.29) and jejunum/ileum (HR 0.95; 95 % CI 0.81-1.10).
Conversely, GIST in the colon and peritoneum were associated with a worse overall survival (colonic GIST, HR 1.40, 95 % CI 1.07-1.83; extraintestinal GIST, HR 1.42, Table 1 continued GIST location The 95 % confidence interval is given in parentheses £2 cm Patients with unknown tumor size (n = 277) were excluded. For the 3-and 5-year cancer-specific survival, the 95 % confidence interval is given in parentheses Revisiting a dogma: similar survival of patients with small bowel and gastric GIST 53 95 % CI 1.14-1.77, P = 0.007) and cancer-specific survival (colonic GIST, HR 1.89, 95 % CI 1.41-2.54; extraintestinal GIST, HR 1.43, 95 % CI 1.11-1.85, P \ 0.001).
In addition to GIST location, tumor size greater than 10 cm (HR 2.05, 95 % CI 1.42-2.95, P \ 0.001), presence of distant metastases (HR 2.43, 95 % CI 2.11-2.79, P \ 0.001) and lymph node metastases (HR 1.61, 95 % CI 1.29-2.01, P \ 0.001), older age (HR 1.92, 95 % CI 1.69-2.18, P \ 0.001), and single marital status (HR 1.40, 95 % CI 1.18-1.66, P \ 0.001) were associated with worse cancer-specific survival, whereas patients undergoing primary tumor excision (HR 0.43, 95 % CI 0.37-0.50, P \ 0.001), female patients (HR 0.80, 95 % CI 0.70-0.90, P \ 0.001), and patients during later time periods (P \ 0.001) had significantly improved cancer-specific survival (Table 4) . Similar results were found for overall survival (Table 4) . Revisiting a dogma: similar survival of patients with small bowel and gastric GIST 55
Propensity score matching
To further corroborate the findings from univariate and multivariate Cox proportional hazards regression analyses, propensity-score-matched analyses were performed as described in ''Statistical analysis.'' Table 5 shows the patients' characteristics in each of the cohorts for the five comparisons. No differences between gastric GIST and its counterparts were observed (all P = 1.0), demonstrating perfect matching. When overall and cancer-specific survival of patients with gastric GIST (the reference category) were compared with those for patients with GIST in the other five locations, only colonic and extraintestinal GIST differed significantly from gastric GIST. Figure 2 displays the Kaplan-Meier curves and HR for cancer-specific survival after weighted exact propensity score matching. When gastric GIST was compared with GIST of the duodenum, jejunum/ileum, and rectum in cohorts with similar baseline characteristics, no relevant difference was observed.
Subgroup analyses for 1998-2004 and 2005-2011
To preclude a time trend bias, we repeated the entire analysis in two subsamples of patients with diagnosis of the GIST from 1998 to 2004 and from 2005 to 2011. Both analyses yielded similar results as the main analysis, demonstrating worse cancer-specific and overall survival in patients with colonic and extraintestinal GIST (data not shown). A sensitivity analysis was performed including data on mitotic count. No relevant differences regarding GIST location (primary predictor variable) were found between the model with and without inclusion of mitotic counts (see the electronic supplementary material).
Discussion
The present population-based study including more than 5000 patients provides compelling evidence that intestinal GIST patients have outcomes similar to those of gastric GIST patients. Indeed, overall and cancer-specific survivals were comparable even after risk adjustment in multivariate and propensity score analysis. These findings are contrary to common belief and current guidelines. We thus suggest that the dogma that patients with intestinal GIST have worse prognosis than patients with gastric GIST should be revisited. Hence, the decision for or against an adjuvant imatinib treatment should rely primarily on mitotic rate and size for intestinal GIST, not on location.
Risk classification after GIST resection is of key importance as it enables the patient to be counseled [3] . In the AFIP risk classification, intestinal GIST patients are claimed to have significantly worse prognosis than gastric GIST patients, particularly if the GIST size exceeds 5 cm. Furthermore, worse outcomes are found for duodenal and rectal GIST location. For instance, in patients with a GIST size greater than 10 cm and a mitotic rate equal to or less than five per 50 HPF, the risk of metastases or tumorrelated death is 12 % in gastric GIST patients, but 52 % in jejunal/ileal GIST patients, 34 % in duodenal GIST patients, and even 57 % in rectal GIST patients. Similarly, in patients with a GIST size from 2 to 5 cm and a mitotic rate above five per 50 HPF, the risk of metastases or tumorrelated death is 16 % in gastric GIST patients, but 73 % in jejunal/ileal GIST patients, 50 % in duodenal GIST patients, and 52 % in rectal GIST patients. Our results strongly differ from those of the AFIP risk classification. Most importantly, neither statistically significant nor clinically relevant overall and cancer-specific survival differences can be found between gastric GIST patients and patients with intestinal or rectal GIST. Conversely, in the present analysis, patients with colonic and extravisceral GIST have significantly worse outcomes than gastric GIST patients. The fact that nongastric GIST is associated with worse prognosis than gastric GIST is thus due to colonic and extraintestinal GIST, and not because of location in the small bowel or rectum. The large discrepancy regarding patient outcomes between the AFIP risk classification and our results is concerning as the estimated risk of recurrence serves as the main criterion for the use of adjuvant imatinib treatment. The question arises whether patients with intestinal GIST are overtreated. It is not clear why this difference exists between the data from Miettinen and colleagues-who undoubtedly did outstanding pioneer work regarding the understanding of pathophysiology and treatment of GIST-and the SEER data. It may be due to different time periods in which the patients were enrolled. The patients on which the AFIP risk classification is based were enrolled from 1970 to 1996, but our study includes a patient population from 1998 to 2011. It is also known that virtually none of the patients enrolled in the studies of Miettinen and colleagues were treated with imatinib, as the relevant period was before the conduct of randomized controlled trials in the advanced setting [11, 12] and the adjuvant setting [13, 14] and FDA approval. Second, it is possible that imatinib treatment in patients with intestinal and rectal GIST in our study compensates for the worse prognosis. However, in subset analysis of the early (1998) (1999) (2000) (2001) (2002) (2003) (2004) versus the late (2005-2011) period, our results are robust regarding the prognosis of patients with intestinal GIST compared with patients with gastric GIST. This appears to be a strong argument against potential confounding due to imatinib intake. Regardless, there is no doubt that a risk categorization of continuous biological variables such as size and mitotic rate is problematic. In this regard, prognostic contour maps as described by Joensuu et al. [15] are helpful in assessing the risk of recurrence in GIST patients. The main advantage of these contour maps is that minor changes in size and mitotic rate do not result in major changes in the individual patient's risk estimation.
Small bowel GIST were described as being different from gastric GIST. For instance, the rate of KIT exon 9 mutation, which is known to be associated with poorer prognosis compared with a mutation in KIT exon 11, is clearly higher in intestinal GIST than in gastric GIST [16, 17] . In this regard, our findings are surprising. However, on a population-based level, molecular differences between gastric and intestinal GIST do not seem to relevantly impact overall and cancer-specific survival.
In the present analysis, patients with colonic and extraintestinal GIST had significantly worse overall and cancer-specific survival compared with patients with gastric or intestinal GIST. This may be explained by a later time point of diagnosis in these locations and hence larger tumor size, which, however, was only found in the present analysis for extraintestinal GIST. Furthermore, it is well known that some peritoneal GIST metastases are misclassified as primary extraintestinal GIST, which then of course is associated with worse prognosis [1] .
We acknowledge the limitations of this study. The main drawback of this analysis is the lack of information on mitotic rate, which was only systematically collected in the Fig. 2 Kaplan-Meier curves for cancer-specific survival after exact weighted pairwise propensity score matching. Each location is compared with gastric location (reference category). The hazard ratios (HR) and the P values indicate the risk of death for a gastrointestinal stromal tumor in a particular location compared with gastric gastrointestinal stromal tumor. The numbers of patients at risk in the two groups are given below the x-axis. CI confidence interval SEER database after 2009. However, a sensitivity analyses including information on mitotic counts showed similar findings (see the electronic supplemental material). Moreover, if intestinal GIST patients indeed had a worse prognosis than gastric GIST patients, this should become evident in a large US cohort even without having the information on mitotic rate. Second, information on tyrosine kinase inhibitors used, pathologic findings such as ulceration, tumor necrosis, and type of KIT or PDGFR mutations, comorbidities, performance status, and the site and number of metastases is not available in the SEER database. Despite these limitations, the present study has a variety of strengths. First, the population-based nature of the registry mirrors the real-world outcomes for GIST patients and is associated with a high degree of generalizability. It is key to evaluate to what extent findings in often highly selected patients in single-institution studies can be found in the overall patient population. Second, the large sample size is associated with a high degree of power. Third, the adjustment for confounding factors was performed not only with conventional multivariate analysis but also with propensity score matching.
In conclusion, contrary to common belief, overall survival and cancer-specific survival of patients with small bowel GIST are not different from those of patients with gastric GIST when adjustment is made for confounding variables on a population based-level. These findings have relevant implications in the decision making for adjuvant treatment of small bowel GIST patients.
